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DFS DIVE-CONTROL BRAKES FOR GLIDERS AND AIRPLANES*

By Eans;chobs and Adoifaﬁénner

The vital need for .gareater safety in. the face of the
rising aerodynamic gquallty of gliders .has resulted in the
deslign of. a structurally very simple .brake flap, the test-
ing and installation of which on several .glider types, 1s
described. The beneflelal effects of the DFS dlve-control
flap on the fllght characteristics form, aslde from the
braklng effect, the main reason for general use. Installed
for experimental purposes on an airnlane wlith a view to
lowsering the terminal veloclty in a dive, the results
proved satlisfactory. The present revort therefore is a
survey of the progress and the present state of dive-
control flaps for gliders and airplanes.

*

" INTRODUCTION

The past few yvears have revealed that performancs
gliders, becanuse of thelr high aerodynamic quality, can
reach speeds through control errors, esveclally when stunt-—
ing or flyine in ceclouds, where the stresses frequently ex-
. ceed the existing strength and cause accldents. The deslgn
specifications for gliders snecify 25 x G/F as ultimate
dynnmic pressure for load case C. But the terminal ve-
locity of gliders in divinzg ranges between 400 and 500
kilometers per hour. On the other hand, an lnecrease in
strength requirements, especinlly of our large-span glid-
ers would hardly be compatible with the welzht problem,

S0, leaving aside thls aspect, there remaln dbut two ways
of raleing the safety of gliders, namely, lmprovement of
flight characteristics or application of. a controllable

aerodynamic impalrment device.

Undoudbtedly, improved flight characteristics will
contribute to the general ameliloration. of safety of the
€liders, although without being abdle to prevent the very

o

"DFS Sturzflugbremsen an Sezel- und Motorflugzeugen,"
Jahrbuch 1938 der deutaschen Luftfahrtforschung PD.
I 313 - I 318; and Luftbremsen fur Segelflugzeugs,"
Luftwlssen, July 1937, op. 207-210.
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high speeds caused by over—control or operatlng errors.
But the princlapl purpose of an aerodynamic impalrment is
to keep, through increasing the dive-drag coefflclent,
the terminal dynamioc pressure within the limlts estad-
lished in the design specificatlons. Then, too, it is im-
portant whether this drag lncrease is obtalned throusgh
disturbance of the smooth aspect of the 11ft distridbutlon
2long the wings - that 1s, through increased induced drag -~
or whether i1t 1s caused by increased parasite area of the
glider, or by both. On the other hand, such a drag-
increasing device should not create secondary phenomena,
introducling new hazards such as oscillations, vibrations,
etc.; nor lmpalr the flight poerformances.

These conslderations ultimately led to an arrangement
which was 1lnstalled and triled out in different versions,.

The first baslc tests were carried out on the Rhgns-
porber-type of g£lidcr. The operating mnrincinle 1s shown
in figure 1. In normal flight, the brake flavs are re-
tracted in the wing, leaving s smooth surface exvosed to
the alr. A tyvical characteristic of the DFS brake flap
1s the slots between the extended flap and the outer sur-
face of the wing. Tests on gliders with brake flaps, bdut
minus slot, revealed the onset of the braking actlon to bve
too abrupt and harsh, a marked impalrment of the flight
characteristics with brake flaps extended, and increased
danger of oscillation phenomena at any vart of the alr-
vlane because of the absence of wake turbulence (fig. 2),.
Extended, the brake flaps are practically at right angles
to the aerodynamic¢ profile chord (fig. %) in the flow con-
ditioned by angle of attack and profile forn.

To keep the manual force required for retraction and
extenslon always within controllabvle limits, the actuation
kinematics were so chosen that the alir loads on both Bbrake
surfaces balance one another, leaving only occurring dif-
ferential forces to be overcorme by hmand. According to
wind-tunnel meagurements, the dimensions of the drive ele-
merts can be so desisgned as to ensble the nilot to apply
nanual forces at any flying speed. To extend the flaps
requires a pull over tae first two-thirds «f the lever dig-
tance, and a push over the last one-third. For closing
the fleps, the operation is the onposite. This means that
the brake flaps, once they are fully extended, are kepnt
oven by the alr forces - a very deslirable feature in cloud
flying. The actuating forces themselves are contingent
upon profile form, locatlon, and slze of brake surface and
the kinematics of the drive.
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The achlieved braking action was computed from the

dive barogram (fig, 4) with and without brake flaps and
amounted to 54 percent - 1.e., the maXimim dlving speed
dropped from 415 kilometers per hour to 190 kilometers per
hour, with an interference surface 0,650 m® or 4.3 percent
of the wing area, which includes the region from the outer
surface of the wing to the upper edge of the brake surface.
slot 1ncluded,

From the attalned terminal veloclties follows 2 mean
drag increase of

Acwo =3 [ I - —:!'—] = 0,0864

g n ;5;& v2

which increase, referred to unlt of interference surface,
glves a drag coefficlent of

15.1
Cwpg = G a5 ©-0864 = 2.007

a value which, In consequence of the flap—-wing lnterfer-
ence 1s about 72 percent higher than the coefflclent of a
flap plate of equal aspect ratio in free air flow.

How the braking effect makﬁa itgelf felt throughout
the whole spéed range of the Rhonsperber, 1s evident from
figure 5. But the sultability of the flaps devends, aside
from the braking effect, largely also on their effect on
the flight characterlistics. In a searching experimental
investigation with the most diversified shapes and slzes
of flaps, one arrangement was developed as standard and
1ts effect on the flight characteristics of different
€liders, ascertalned.

The brake surfaces were placed on movable segment
levers (fig. 1). The suction side flap is actuated direct
by a torque tube T, the pressure slde flap by push rods.
In the pilot's cabin the drive is operated by a hand lever
gnd tenslon rods., With this arrangemeant, an accurate
check on the changes in flight qualities was obtained.

The stabdllity about the lateral exls remalned the sgme,
only the response of the elevator was damped — which, in
fact, 1s beneflclal for pulling out from a dive, since

then the accelerations specified in the stress analysis

can no longer be reached. Just as beneficlal i1s the marked
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domplng in yaw of the brakes on the stabllity about the
longltudinal axis. The pillot porcelves the glider unusu-~
nlly stable, particularly in tho curves, evon wlth re-
leasod controls., The spin-retnrding moment bocomes in
many tyves so pronounced as to mgke splnnirg lmposslbdle
unlenss the center of zravity is pushed abnormally back-
ward. Evolutions, such as nose—-over, barrel roll, chan-
delle, or inverted flight with dbranke flapes extendsd, re-—
qulre conslidernble speed mergin, since all motions are
considerably slowed down and damped.

For trlals of the brakes, the following fiight condl-
tlons were used ms basis and practically executed:

1. Flight in clouds without blind flylng instruments;
the milot no longer controls the alrplane.

2e Stuntinz; the pilot drops from a roll or lanverted
flight 1n o steep slip.

A
[}

Inverted flight: the pilot attempts to return the
zlider to normal wlth & half nose-over.

In all three cases the maximum diving speed reached
with extended drakes, did not exceed the speed from the
preceding dive tests. On relceaslinz all controls, the alr-
plano zoomg out of these dlving nosltlons, immedlately
loses speed, and Zoes into stavle curves after quickly
settling down to a modium speed.

Apart from the safoty in cloud flying, tho brake flav
1s nlso nn idoanl landinz aid, sinco it enadbles the pilot
to ralse the slnking sveed from 0.7 moter per second to
% to 4 moters por second.

In flights with the brake flans oxtended ant only one
wing-half, the slider remninoed fully operantional; tho re-
sulting rolllnzs nmomoent wns roadily compecansated by ~ slight
alloron deflection.

After a sreat many flights and wind-~tunnel moasure-
mente, the additional strossos crused. by the brake flap
nay be sunned up as follows:

In the A stross cnge the 1lift distribution in the
outor region of the wing is nore complete - wkich, by
oqual lond fnetor, 1s equivalent to n rise in bending
stress. On the basis of the avallable data, the load fac-
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tor n =4 is; however, attalingble at a narrower pull-out
radiue .with dbrake -flaps. extended than in £lizht without
flaps, because of the marked dampling effect. The measure-
ments so far dlsclosed that with the usual flap arrange--
ment the %&ﬂ_ with brake flap was smaller than the . %%ﬂ
without brake flap. Besldes, there-is no call for the pi-
lot in cloud flying, for which the drake flap was origlnal-~
ly intended as safeguard; to pull up with an acceleration
correaponding to a safety factor of 4.

The highest posslible dyhamie pressure in load case €

wlth brake flaps can, on the basis of the chosen flap di-
. ‘26 @6

mensions, be put at T F = Q4orminal which, according
to the deslign specifications, corresponds to the dynamic
.pressure of stress case C with snfety factor 2 wlthout
conslderntion of the additlve or subtractlive brake flap
stresses.

Example: Rhgnsperber. Urudbu.

Vierminnl With brake flaps = 191 km/h (flight test
data).

176.4 kg/m2 at p = 3

with brake flﬁpa

)

Qenilure (868180 specifications) = 25 & = 406 kg/m®

qterminn.l

Factor of safety: J = %g%—z = 2.%, provided the brake

flaps create no additlonal stress.

This reduction in terminanl dynamic pressure with dbrake
flaps to the safe dynamic pressure of stress case C con-
formable to the design specifications has, moreover, the
result that the pllot does not need to execute control
movements which exceed or even reach the safe load factor
of atress case A or ‘E.

The stresses due to the wing torque are lower, since
by proper flap arrangement, 1t is always possidle to as-
sure & negative Acp,: hence the safety factor for the

diffuslon of the torque 1s greater than 2e

The hi%her tangential stress of the wing structure,
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as a result of the frontal drag of the brake flaps, is in
the G case, according to a check on the Rhonsperber. of
the order of magnitude of the landing case and sideslip
landing.

Additionsl bending moments are produced in the out-
slde wing in the C -case which, in first approximation,
are attributable to the change in zero settins angle
through the brake flap., But in the usual arrangements
Aay 1s quite.small, B

The horizontal tall-surface load necessary for the
moment compensation about the lateral axis in the T case
bocomes less, slnce the zero—~moment increase Acmo is neg-

atlve.

These brake-~flap arrangements, when ingtalled Iln d4if-
feront types of gliders and tried out, supplled aulot of
experimental data. On the Bhonbussard and the Rhonadler
(figs. 6 and 7), they furnished nothing radically new, al-
though rere also the favored flight condition with extended
breke flaps, was the stable curve wlth sllight banking and
medlum speséd.

On tke Minimoa (fig. 8), the hitherto ineffectual
mass distribution of the rudder nmnnifested itself as con-
"trol flutter. It consisted of a sudden flexural fuselage
vibration about the normal axls at the stationary termi-
nal veloclty of 195 kilometers per hour, of very high am-
plitudes and a frequency of around 400 min~1, The vibra-~
tion continued as far as the fore port of the fuselags.

It could be readlly reproduced by manual excitation on the
ground, and then successfully removed by weight-balancing
the rudder,

Another unusual phenomenon occurred on the Relher
(fig. 9), where the brake flaps manifested disagreeable
phenomensa as landing ald. In this glider the longltudinal
dihedral of the wings along the span was purvosely a mini-
mum with a view to optimum performance. The result was
that the wing load at =all points was approximately equally
digtant from the obtalinable maximum, snd a disturbance in
a certailn reglon of the wing infected the neighborins
sound floor to some extent and forced the disturbance upon
1t. So when pulling the brake flaps, this 1s what hap-
pened: immedlately after extension, the sinking speed rose
from, for instance, 0.7 meter per second %o l.5 meters per
second; after 2 to 3 seconds! flight with extended flaps
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there was a second rise in sinking speed to 2.5 meters per
second, On retrgction of the brake flaps the effect lagged
behind for ‘the same time period which was very dlsagree-
able. for landing. - Bxamination of the flow with streamers
and motion-pilcture  camera disclosed a break-away of flow
over the entire wing bVetwesen fuselage and brake flaps on
the upper side.” A 40-percent flap reduction on the suc—
tion side removed this lag - probably because the disturd—
ences emanating from the brake flaps were no longer severe
enough to exert a'permanent effect on the inside wing.

The feow examples quoted 1nd1cate the 1mportance of
. the following factors.

l. 3Brake flap location along winé chbrd, in open and
closed position.

2. Profile form.
3. Helght of ventilating slot.

4., Lift distribution of wing along ite span, espe-
clally at the location of the dbrake flap.

5. Locatlon of brake flaps along span (danger to
horizontal tall surfaces or to alleron due to
vibration phenomena).

The installation of the brake flaps including operat-—
ing mechanism in a 2lider, amounts to about 5 percent of
the total cost. Despite many glider fallures in cloud
flying, the expense together with lack of sufficlent ex-
perience in cloud flying, seemed to act as a deterrent to
general acceptance. The Rh8n Contest, however, proved
that storm—cloud flights up to 8,000 meters could be suc—
cosafully achieved with g£liders fitted with bdrake flaps
without much danger, while a. number of gliders without
brake flaps in the same storm cloud, could not withstand
the stresses due to ‘gusts or control errors. Following
this practical procf, the DFS air brake for gliders was
declared mandatory 'and hereafter no glider will be offi-
clally approvéd unleas fltted with auch dive-control safe-

guards.
Trials on the F¥W 56 Type (Stosser)

The development of alr brakes on glliders, describdbed
in the foreZoing, was to provide greater safety in flight.
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The fevorable experliences galned therefrom, suggested with
& Zood deal of promise, thelr application on alrplanes as
well - .where, however, the intended purpose was to assure
a reduction in terminal dive veloclty. The assumption of
the same pull-out accelerations from a dive gives (refer-
ence 1) a pull~out altitude dependent on diving speed up
to level flight. And this pull-out height is, in fact,
approximately in.inverse proportion to the speed.

The experliments regounted herelnafter were made on an
FW 56 type airplane (Stosser), Besides the past experi-
ences on gliders, there were avallable at the start of the
tests only Kramer's wind-tunnel studies on devices intend-
ed for a similar purpose. Not until the flight tests hed
been completed, did the DFS proceed to comprehensive wind-
tunnel investigations within the scope of appllicadbllity
ascertalned by practical experimentation. This reduced the
multliplicity of variatlions to the best practical arrange-
ments and afforded basic data directly useful to the de-
slgner. The plan sketch of the brake flap used 1n the
free-flight tests 1s shown in figure 10. Contrary to the
usual vorsions heretofore used on gliders, the suctlon-
slde flap wos extended in flow direction, the pressure-
slde flap agalnst the flow directlion. This plaeced the
lower flap ahead of the upper and promised certain advan-
tagzos for the brake effect in dlving.

The desalgn of the FW 56 made 1t incumbent to locate
the brake flaps between main and auxiliary strut (figs.
11-13). The horizontal taill surfaces are located within
the zone of the allerons in order to keep them as much as
posslible out of the principal interference zone of the
flaps. ©Since this was apt to induce aileron flutter, the
deslign provlided for progressive enlargement of the flap
surfaces. In flgure 10, the flap surfaces B are so
dlsposed on segment levers S -that the individusl bdrake
flap of lenticular section fits on these levers in a kind
of lattice truss. The lenticular shape for the indlvid-
ual flap elements was declded upon after a study of glid-
ers with different cross—sectional forms, because sven a
slight flap deflection allows the pnssage of alr and so
Prevents a Jerklng start of the brakine actlon.

In relation to the wing chord, the flap locations vere:
0.45 t, wsuction slde

0.28 t, pressure side
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The flaps are operated by hand lever I from the pilot's
cockpit (fig. 14).. The individual ateps of the_arrange-~
ment are illust?ated in figure 15,

The expériments started with arrangement I disclosed
great forces when the speed had barely reached 130 kilo-
meters. The pressure~slide area of the flap faclng the
alr stream was too great, making it impossidle to extend
the flap above 150 kilometers per hour. After reducing
the surface on the pressure side (arrangement Ia), the
force ratio of suction-side to pressure-seide flap, percep-
tible in the amount of manual force needed, was much more
favorable. Extension became possible up to a speed of 270
kilometers per hour. Thls force ratio of suction-slde ‘to
pressure~side flap was retesined in the other versions
through geometrically similar enlargement of the brake
surfaces, in order to prevent overstressing through too-
rapid flap extension at very high speeds in the absence of
free-flight test data on the lond distridbution along a
wlng with brake flaps. :

The alleron vibrations anticipated as a result of the
partlcular location of the brake flaps, were slight, with
verslion No. I at low speeds, and which - with elevator re-
leased ~ showed the control stick to be followlng the al-
leron deflectlons gnd deflecting up to 4 centimeters to
the rlzht and the left. These shocks abated consideradbly
a8 the spneed was increased -~ its last trace at 300 to 350
kllometers per hour, being a barely perceptidble vibdration
on the stick. With the greater brake area of veralon II,
the vibration phenomena on the ailerons at low sveeds,
were more noticeable, but they also abated at increasing
speed and became unimportant in a vertical dive. Version
III served for exploring. the effect of the slot between
the two brake-surface elements on the alleron vibrations.
It was found that covering these slots resulted in far
more severe and harsh vibration phenomena throughout the
whole speed range. Fven 1n vertical diving the shocks of
the control stick, caused by the aileron vibrations, were
qulte severe.

The observed alleron vibrations were in every case
purely flexural about the alleron axis and in not a single
case led to traceable wing flutter. The explanatlion for
the abatement of vidbration amvlitndes with increasing
speed, lles in the growth of the vortex frequency A Dper
second, with the flight speed v -(reference 2):
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A= EX
P
where K 1is a constant, falrly independent of the surface
dimensions and form, of around 0.18 for rectangular plates,

and P the plate area projected perpendicular to the di-
rectlon of flow.

It may be mentioned in this connection that no tall-
vibration phenomena of any kind were obeerved. Thls 1ls
causatlively nasoclated with the varlation of the vortex
traln emanating from the brake surfgces, explored by wool-
tuft photographs along the lateral and longitudinal axls
on the suction side of the wing (fig. 16). This rather
primitlve method afforded a very clear insisght into the
flow phenomena.

The interpretation of several flisght records 1s re-
produced in filgure 17, where curves of equal deflection
from t2e direction of undlsturbed flow nre outlined. The
extent and dezree of the effect of the flap without slot
in the plane of the bdbrake surfnce on the alrfoll flow nre
quite plein.

The smoke photographs of the flow about an alrfoil
with dive-control flaps in fijures 18a,b,c, are very 1ln-
atructive. Flsure 18a, showiang the braxe flaps retracted
in the profile surfance, vbrinzgs out the total destruction
of the circulation and tho formation of a strong vortex
band witn low vortex frequency behind the bralie surfaces.
The gslot, created by the emer:ence of the surfaces from
tihe flow in profile proximity, still elfectuates a compar-
ntively good adherence even vehind the brake flaps (fig.
18b). Two separate vortex trains with high r<requency
emanating from the bdbrake surface, pass to the suction and
pPressure sldes of the nrofile. Fizure 18b corresnonds to
tost arrangement III (fig. 13c), resemblirg arranzement
Ii, omphasizes tho stabilizatlion of the flow nattern and
the vaciflicntion of the vortex field belind the dbrake sur-—
fnces througsh the andditionnl slot within tao flap plane,
vithout causing any sudbstantial roduction in the total
helzht of the vortex field.

Owing to the smaollness nf the Prave surfaces, the
braking effect with versions I and Ia was ligat, as antic-—
i>nted. Version II cnaused a conslderable channge; the
brakinz effect reduced the terminal dive velocity of 490
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kilometers per hour without brakes, to 330 kilometers per
hour. With slot closed on version III, the braking effect
produced no perceptible change. For speed reduction wlth
verslion II, the averagse drag increase due %0 dlive-control
flaps, 18 ) .

‘Aqmo = 0,0705

or, equlvalent to a dfqg coefficlent of

AéwBK = 1,25

referred .to the, unilt of total interference area of the
brnkes, whlch again comprises the area from the outside
of the wing to the outer edge of the brake surfaces 1n-
cluding the slots.

. The corresponding coefflclent for the rectangular alr-
foll with brake~flap ratio resemdling version II, was

chK = 1.55

The difference between these coe®ficiente and those from
free g£liding tests i1s probably due to the substantially
greater slot between outside of wing and lower edge of
brake flap on the FW E6.

Other than a barely perceptible decline 1n elevator
respvonse and damping of accelerated fllisht stages, there
was no noticenble change in the g£eneral flight character-
letlices resulting from the dlifferent brake-~flap arrangementa.

No fllght evolutlons were made with extended drake
flaps - merely dives, control-chanZe curves, sideslipping,
stalls, splns, and landings.

Curve flight with ailerons produced small forces
which tended to return the controls to normal with arrange-
ments I and Ia. The restoring forces did not increase with
arrangement II. Sideslipping with extended drake flaps
disclosed no oscillation phenomena on tail, or other dis-—
agreeable features with respect to the alrplane without
brake flaps.

Any effect of arrangements I and Is on the stall or
spin was not noticeadble. Arrangement II wns accompanled
by a spln-retarding moment but not larZe enough to prevent
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spinning altogether. The spinning process 1tself and re-
covery from a gpin disclosed nothing unusual.

The pull-out from & dive -~ where changes in inclina-
tion were altogether unimportant, whether with or wlthout
brake flaps - with flaps extended, was materlally damped.

Exveriments Ziving information about pull-out radius,
rull-out altitude, and accomvanying accelerations, have
not yet been made. Tests explalinineg the brake-flap effect
on the splnnlng process should also prove interesting.
Although the marked damping in yaw of these flaps 1is ap-
parent, there is no definite informatlion regarding the ef-
fect of the flap extension durineg a steady spin.

The whole flight-test program or gliders and on the
alrplane was carried out by Flight Captaln Hanna Reltsch,
whose wholehearted cooperation, in no little measure, con-
tributed to the successful termination of the vrogram, °
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ANALYTICAL STUDY OF THE DRAG OF THE
DFS DIVE-CONTHOL BRAKE*

By Adolf Wanner

The application of various avallsable.wind-tunnel data
on alrfolls with full-span air-brake flaps of the type of
the DFS dive-—control brake (fig. 1) discloses sudbstantial

. discrepancies in the specific drag coefficlents from the
free—~-flight measurements. These discrepancles are readily
explained as a consequence of dpplying the two-dimensional
wind~-tunnel data to the three-dimensional flows in flight
tests. 1In airfolls with breke flaps (BF) epanning only
10 percent of the semispan, the drag of the flaps themselves
is supplemented by so~called "induced drag portions."
These portions mey be explained first, as being due to the
change in effective angle of attack at the location of the
brake flaps; and second, to the lateral diffusion of the
dlisturbance beyond the range of the brake flaps (fig. 17).
The first portion, the supplementary wing twist induced by
the drake flaps, is determined from wind-tunnel tests (two-
dimensional »roblem) and analytically computed by approxi-
matlon on the assumption of anplicabllity of the method of
calculation of the airfoil theory. The second portion,
the effect of the lateral veloclty distridbution, so far 1s
not amenable to numericgel solution. The investigation of
the interference zone indicates, as expected, an almost
symmetrical diffusion at both flap tips (fig. 17). Since
conslderation of the crosswise vortlon contributes only
minor drag increases, the preponderant effect falls to the
second portion. TFlight tests indicated that 25 to 40 per-
cent of the total drag of the brake flap was due to the
induced drac<. .

However, pending determination of the amount of in-
duced drag from further tests and the possibility of its
prediction, it is desirable to know of some approximate
method by means of which the drag increase resulting from
fitting brake flaps.on the upper and the lower surfaces of
a wing, can be evaluated. In addition, the demands on the
wing arising as a corollary to the brake flaps, must be met.

The arsuments hersinafter deal only with brake-flap
designg similar to those developed by the German Institute
for Gliding and previously doscribed arrangements.

*ugur Berochnung des auf DFS~Sturzflugbremson entfalloenden
Widerstandes." ILuftwlisson, vol. 6, no. 5, May 1939,
pp. 171-172.

-



14 N.A.C.A. Technical Memorandum No. 926

The brake flaps are located on the ‘wing - generally
between 30 and 60 percent along the chord (BK extended)
and 20 to 50 percent along the semispen. The two princl-
pal vergsions are shown in fizure 19,

If readily vibrating parts, such as control surfaces
and tail, are present in the vortex field of the brake flaps,
verslon B is preferable because of the higher frequency 1n
the shedding vortex vand. The reference area for the drag
Increase comprises the total disturbance-nroduclng area of
the drake fleps, from the outer surface of the wling to the
outer odge of the bprake flap includlng the slots; that 1ls,

Fgg = h bpx

Then the draz ilncrease Acwo due to the brake flaps, re-
ferred to the wing area F, Tbecomes

¥
- B
Acwo = chK F

Inversely, the use of the dynamlic pressure relations lilze~
wise Zives the size of the brake flaps necessary to 1limilt
the terminal dynamlc pressure to a certaln extent,

For the application of the cilted Cygg Volues, it 1is

important to observe that the affect of the slot e 1s of
some siznificrnnce. Wnlle no systematlic data on thls sud-
Ject are avallable, past exnerience has shown that the
helght of the slot ®8 cen range within the limit of 0.20 +
0.233 h without introducing avpreciable errors in the cal-
culation.

In the stress analysis of bdrake flaps the total drasg
increase (in kxg) 1s distributed over the flaps as an ac-
tive force. This assumption is confirmed by wind—-tunnel
tests, in which pressure mensurements in the brake-—flap
surface of a vractical deslsgn indlicate an almost uniform
load distribution. These meansurements further disclose that
about 25 percent of the total drng forces arc applled ot
the wing; 1.e., that the breke-~flap drag from the pressure
record amounts to only 75 porcent of the drag from the
force measurement. Hence, the asdumptlon of the total
drag lncrease applied as a rectangular distridution over
the brake-flap area, leaves one on the safe side.

The frontal forces acting on the wing in a dive must
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be removed at the wing-fuselage Juncture; they are espe-
clally lmportant on large-~span sallplanes. Here the Judl-

clous use of brake flaps, eto., affords a reduction.

This effect 1s examined on the Relher-type glider,
which has a span of 19 meters., The distribution of the
proflle drag along the span at zere 1li1ft, the terminal dy-
nemic pressure, and the size of the brake flaps limiting
the terminal dynamic pressure, are known. The length of
the brake flap 1s therefore about 0.10 b/2; its location
1s defined with respect to tall and allerons free from
disturbance. Accordlng to the foregolng arguments, the
forces acting on the dive-control flaps, can now be com-—
bined in one slngle force, applied at the center of the
brake flap; the moment of this force with respect to the
wing attachment, 1s of interest in the analysls. The
change 1n the total angle of attack of the alrplane for
diving without brake flaps, is quite asmall with the ziven
arrangemnont and 1s therefore disregarded in the following:

NOTATION
Cw,, lg the drag coefflcient of glider without bdrake
flavs, at c, = 0.
w ,» G4rag coeffilcient of zllder with bdrake flaps, at
°BK cg = 0.
a
Acwo = GW°BK =~ Cwgy» . increment of drag due to brake flaps.
Qg terminal dyﬁamic rressure wlthout brake flaps, k%/ma.

.q°BK’ terminal dynamlec pressure with brake flaps, kg/ma.-

os terminal velocity without Brafe flaps, for Po =
0.125 k& g2,
m
» terminal velocity wi th bdbrake flaps, for p, =
a
0.125 EE_g-. :

c'P, prof%le drag of airfoll gectlon.
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Applied to the Relher, 1%t is:

0.0193

c
Wo

. = Blﬁ = 850 1= ma
9 = 79,20 x 0.0193 s/

v, = 420 km/h

Vopg = 200 km/h demanded
Qopg = 193 kg/m2
WOBK = 010850

Acy = 0.0657

Hence, the drag portion Wzy acting on the brake flaps,
follows at:

Wpg = Acy, F Tozg = 0.0657 x 19.2 X 193 = 24%.4 kg

l.e., half the amount to each wing.

From the glven distribution cwP along the span, the

frontal drag bending moments Mg can be ascertalned. For
Vo = 420 km/h, we find Mg = 427.3 m kg, and for v, =
200 km/h, we find Mg = 99.0 m kg; +this value is supple-
mented by the moment from the brake-~flap drag. The effect
of the location of the brake—~flap center on the total bend-
ing moment can bs seen in flgure 20. From tals filsgure,

it can bPe ascertained whether or not the chosen flap lo-
cation 1s advantageous from the viewpoint of frontal
pressure distribution,

SUMEARY

The present article describves how, on the basis of
wind-tunnel and free-flight tests, the drag lncrease on
brate flaps of the type of the DFS, can e predicted.
Pressure records confirm a two-dimensional load distridbu-
tlon along the brake-flap surface. Aerodynamically, the
location of the brake flaps along the span is of impor-
tanece for reasons of avoldance of vibration and oscilla-
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tion phenomena on control and tall surfaces; statically,
because of the magnitude of the frontal drag in diving
with respect to the bending moments, which may become
declslve for the dimensions of the wing attachment and for
the wing covering. .

‘Translation by J. Vanler,
National Advisory Committee
for Aeronautics
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S r ™, Figure l.- Operating sketch of air
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'riguro 4.~ Dive barogram with l
extended air brakes. o Without brake flaps
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Flight test data
————— Computed from polars

Figars 5.~ Speed disgram of
Rhénsperber with
and without air brekes.

¥igure 10.- Dive control brake
drive on power
glider FW 56 (Stésser)

“~~.Figure 13.- Brake flap version on
Stosser
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Figure 2.« Air brake fitted on Figure 3.- DFS air breke fitted on
suction~sgide. glider, seen from trailing

sdge. ,

Figure 6.,- Brake flaps fitted on
Rhénbussard.

Figure 7.« Brake flaps fitted on
Rhﬁn&dler.

Pigure 8.« Brake flaps fitted on
Goppingen 3-Minimoa.

Figure 9.- Brake flaps fitted on
Reiher. Figure ll.~ Air brakes on Stoésser.
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Figure 16.- Wool tuft record of flow.

Figure 12.~ Air brakes on Stésser
extended.

Figure 14.- Pilot's operating lever.

Figure 18,- Smoke photographs.
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